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(54) Data sensing device and method for multibit memory cell 

(57) Data sensing device and method for a multibit 
memory cell is disclosed, the device including a refer- 
ence voltage generating part (1) for generating a plural- 
ity of reference voltages, a switching part (2) for 
successive application of the plurality of reference volt- 
ages from the reference voltage generating part (1 ) to a 
control gate on a memory cell (3), a sensing part (4) for 
comparing a data recorded in the memory cell (3) to the 
reference value every time each of the reference volt- 
ages is applied thereto, a clock signal controlling part 
(5) for subjecting a signal from the sensing part (4) and 
a highest reference voltage selecting signal to logical 
operation in controlling an external main clock signal, a 
controlling part (6) for controlling the switching part (2) 
to generate the reference voltages in succession, and 
controlling a highest reference voltage to be applied to 
the clock signal controlling part (5) so that the data is 
produced in response to a clock signal from the clock 
signal controlling part (5), and a latching part (7) for 
latching the data from the controlling part (6). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to device and method 
for reading in information stored in a semiconductor 
device and, more particularly; to a data sensing device 
and method for a multibit memory cell for reading in a 10 
data programmed in multilevel of two or over two levels 
stored in the multibit memory cell. 

Discussio n of the Related Art 

15 

In the semiconductor memories, in general, there 
are at large volatile memories from/to which information 
is erasable and recordable, and non-volatiie memories 
information once recorded in which can be conserved 
permanently. In the volatile memories, there RAM 20 
to/from which data is recordable and readable, and in 
the non-volatile memories, there are ROM, 
EPROM(Erasable Programmable ROM) and EEP- 
ROM(Electrically Erasable Programmable ROM). Of the 
non-volatile memories, the ROM is a memory which is 25 
no more programmable once information is recorded, 
and both the EPROM and EEPROM are memories 
from/to which information is erasable and recordable. 
The EPROM and EEPROM are identical in their pro* 
gramming operations, but different in their information 30 
erasing operations; the information recorded in EPROM 
is erased by an ultra-violet beam and the information 
stored in EEPROM is electrically erased. 

Of those memories, the DRAM is the most widely 
used as a mass storage media because large sized 35 
memories are required as the information industry is 
developed. However, the DRAM, which requires a stor- 
age capacitor of greater than a predetermined size, has 
a disadvantage that refreshing operations of the capac- 
itor are required in certain intervals due to the use of 40 
capacitor. Because of this, there has been ceaseless 
study on the EEPROM, which does not require any 
refreshing operations, in substitution for the DRAM. 
However, since the EEPROM can also store data of 
either M V or "0" in a memory cell, device packing density 45 
corresponds to a number of the memory cells in one to 
one fashion. Therefore, the drawback in using the EEP- 
ROM as a data storage media that is the most difficult to 
overcome is the high cost-per-bit of the memories. 

In order to solve such a problem, active studies on 50 
multibit-per-cell are currently underway. A multibit mem- 
ory cell stores data of over two bits in one memory cell, 
thus enhancing the density of data on the same chip 
area without reducing the size of the memory cell. For 
the multibit memory cell, more than two threshold volt- 55 
age levels should be programmed on respective cell. 
For instance, in order to store data of two bits for every 
cell, the respective cells must be programmed in 2 s , that 



is, four threshold levels. Here, the four threshold levels 
corresponds to logic states 00, 01, 10 and 11, respec- 
tively. As distribution is reduced by precisely adjusting 
the respective threshold levels, more levels can be pro- 
grammed, which in turn increases the number of bits for 
every cell. The data thus programmed in multilevel 
should be read in fast speed. 

A conventional data sensing device for sensing a 
memory cell programmed in such a multilevel will be 
explained with reference to the attached drawing. Fig. 1 
illustrates a system of a conventional sensing device for 
sensing a multibit memory cell, and Fig. 2 illustrates a 
graph explaining the operation of the conventional sens- 
ing device for sensing a multibit memory ceil. When volt- 
ages sufficient to cause reading are applied to a control 
gate, a current flows between a drain and a source. The 
current is compared to a reference current and deter- 
mined of the data in reading the multilevel data. Refer- 
ring to Fig. 1, a system is provided having a sensing 
ampirfier(S.A) connected to a drain region D in a unit 
cell of an EEPROM with a floating gate F.G., control 
gate C.G., source region S and the drain region D. The 
sensing amplifier S.A. has a plurality of reference cur- 
rents therein. 

A method of sensing the data in the conventional 
multibit memory cell having the aforementioned system 
will be explained. 

ft is assumed that the memory cell has been pro- 
grammed in multilevel threshold voltages. That is, as 
shown in Fig. 2, in case of recording a two bit data, it is 
assumed that the two bit data has been programmed in 
the floating gate F.G. as one of four threshold voltages 
V T0 , V T1 , V T3 , V T4 . Under the condition that a constant 
voltage is applied to the source region S, a predeter- 
mined voltage V READ is selectively applied to the control 
gate C.G. of a memory cell of which data is intended to 
read. Then, according to the programmed state in the 
floating gate F.G., a drain current l D corresponding to 
the programmed state flows through the sensing ampli- 
fier S.A. The sensing amplifier S.A. compares the drain 
current from the memory cell to the multilevel reference 
currents within the sensing amplifier S.A in multilevels, 
thereby the data can be read. That is, referring to Fig. 2, 
if the floating gate F. G. of a memory cell in an EEPROM 
from which a data is intended to read has been pro- 
grammed in the threshold voltage V T0 , a drain current 
l R0 corresponding to the threshold voltage V T0 will flow 
through the sensing amplifier S.A., if the floating gate F. 
G. has been programmed in the threshold voltage V T1 , 
a drain current corresponding to the threshold voltage 
V T1 will flow through the sensing amplifier S.A., and if 
the floating gate F. G. has been programmed in the 
threshold voltage V-^, a drain current corresponding to 5 
the threshold voltage V T2 will flow through the sensing 
amplifier S.A. Therefore, upon reception of the drain 
current from the drain of the memory cell, the sensing 
amplifier S.A. can sense the data by comparing the 
drain current with the multilevel reference currents 
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within the sensing amplifier SA. 

However, the conventional data sensing device and 
method for sensing a data in a multibit memory cell has 
the following problems because a predetermined volt- 
age Vc of a readable condition is applied to the control 5 
gate of a memory cell from which a data is intended to 
read in selection of the memory cell, and the drain 
cuffent from the memory cell is compared in multilevel 
in the sensing amplifier in reading the data. 

First, for the multilevel comparison of the current 10 
from the memory cell by the sensing amplifier in reading 
the data, the sensing amplifier must have the multilevel 
reference currents, that causes the size of the sensing 
amplifier bigger, particularly in a page mode READ, in 
which more bits(for example, 512 bits, 128 bits) are is 
required, together with chip size. 

Second, the plurality of reference currents always 
required to supply to the sensing amplifier causes 
increase of power consumption. 

20 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a 
data sensing device and method of a multibit memory 
cell that substantially obviates one or more of the prob- 25 
lems due to limitations and disadvantages of the related 
art. 

Additional features and advantages of the invention 
will be set forth in the description which follows, and in 
part will be apparent from the description, or may be 30 
learned by practice of the invention. The objectives and 
other advantages of the invention will be realized and 
attained by the structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawings. 55 

To achieve these and other advantages and in 
accordance with the purpose of the present invention, 
as embodied and broadly described, the data sensing 
device of a multibit memory cell includes a reference 
voltage generating part for generating a plurality of ref- 40 
erence voltages, a switching part for successive appli- 
cation of the plurality of reference voltages from the 
reference voltage generating part to a control gate on a 
memory cell, a sensing part for comparing a data 
recorded in the memory cell to the reference value 45 
every time each of the reference voltages is applied 
thereto, a clock signal controlling part for subjecting a 
signal from the sensing part and a highest reference 
voltage selecting signal to logical operation in control- 
ling an external main clock signal, a controlling part for so 
controlling the switching part to generate the reference 
voltages in succession, and controlling the highest volt- 
age to be applied to the clock signal controlling part so 
that the data is produced in response to a clock signal 
from the clock signal controlling part, and a latching part 55 
for latching the data from the controlling part. 

In another aspect of the present invention, there is 
provided a method for sensing a data in a multibit mem- 



ory ceil including the steps of receiving an external main 
dock signal, successive latching of data in response to 
the main clock signal, successive application of a plural- 
ity of reference voltages to a control gate on a memory 
cell, sensing the memory cell whenever each of the ref- 
erence voltages is applied to the memory cell, detecting 
a time when an output of the sensing part is changed for 
blocking the main dock signal, and presenting a data 
latched by a most recent clock signal as a programmed 
data in the memory cell. 

It is to be understood that both the foregoing gen- 
eral description and the following detailed description 
are exemplary and explanatory and are intended to pro- 
vide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are induded to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specifica- 
tion, illustrate embodiments of the invention and 
together with the description serve to explain the prind- 
ples of the drawings: 

In the drawings: 

Fig. 1 illustrates a system of a conventional sensing 
device for sensing a multibit memory cell; 

Fig. 2 illustrates a graph for use in explaining the 
operation of the conventional sensing device for 
sensing a multibit memory cell; 

Fig. 3 illustrates a block diagram of a device for 
sensing a data in a multibit memory cell in accord- 
ance with a first embodiment of the present inven- 
tion; 

Fig. 4 illustrates a detail drcuit of a first embodiment 
of the switching part shown in Fig. 3; 

Fig. 5 illustrates a detail circuit of a second embod- 
iment of the switching part shown in Fig. 3; 

Fig. 6 illustrates a detail circuit of the clock signal 
controlling part shown in Fig. 3; 

Fig. 7 illustrates a detail circuit of the latching part 
shown in Fig. 3; 

Fig. 8 illustrates a block diagram of a device for 
sensing a data in a multibit memory cell in accord- 
ance with a second embodiment of the present 
invention; 

Fig. 9 explains threshold levels of an n bit cell and 
the corresponding reference voltages in accord- 
ance with the present invention; 
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Fig. 10 explains reference voltage selection in the 
first embodiment of the present invention; 

Fig. 1 1 explains reference voltage selection in the 
second embodiment of the present invention; 5 

Fig. 12 explains timings of different parts when the 
memory cell of the present invention is pro- 
grammed in a threshold level V-^; and, 

10 

Fig. 13 explains timings of different parts when the 
highest level data is read according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED rs 
EMBODIMENTS 

Reference will now be made in detail to the pre- 
ferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings. so 

Fig: 3 illustrates a block diagram of a device for 
sensing a data in a multibit memory ceil in accordance 
with a first embodiment of the present invention. 

Referring to Fig. 3, the device for sensing a data in 
a multibit memory cell in accordance with a first embod- 25 
imerrt of the present invention includes a reference volt- 
age generating part 1 for generating a plurality of 
reference voltages(2 n -1 in case of n bits), a switching 
part 2 for applying the plurality of reference voltages 
from the reference voltage generating part 1 to a control 30 
gate in a memory cell 3 in succession under the control 
of the controlling part which will be explained later, a 
sensing part 4 for comparing the data recorded in the 
memory cell 3 having one of the reference voltage 
applied thereto to a reference value, a clock signal con- 35 
trolling part 5 for receiving a signal from the sensing part 
4 and a highest voltage selection signal from a control- 
ling part which will be explained below and subjecting to 
logical operation in controlling an external main clock 
signal, a controlling part 6 for applying a reference volt- 40 
age selection signal to the switching part 2 to control the 
reference voltages generated in succession(in the order 
of from a lower reference voltage to a higher reference 
voltage or vice versa) and producing a data in response 
to a clock signal from the clock signal controlling part 5, 45 
and a data latching part 7 for latching the data from the 
controlling part 6. 

The controlling part 6 includes a ring counter 8 for 
counting the clock signal from the clock signal control- 
ling part 5 in generating the reference signal selection so 
signals P 0 , P 1 — P n _ 2 . and P n . 1t and an n-bit counter 9 
for counting the clock signal from the clock signal con- 
trolling part 5 in producing a relevant data. * 

Detailed circuits of the aforementioned device for 
sensing a data in a multibit memory ceil will be ss 
explained. Fig. 4 illustrates a detail circuit of a first 
embodiment of the switching part shown in Fig. 3, Fig. 5 
illustrates a detail circuit of a second embodiment of the 



switching part shown in Fig. 3, Fig. 6 illustrates a detail 
circuit of the clock signal controlling part shown in Fig. 3, 
and Fig. 7 illustrates a detail circuit of the latching part 
shown in Fig. 3. 

Referring to Fig. 4, the switching part 1 includes a 
plurality of transistors M 1t M 2 , — , M lv1 each for switch- 
ing the plurality of reference voltages from the reference 
voltage generating part 1 in succession in response to 
the reference voltage selection signals P 0> P lB P 2 , — 
and P n _ 2 except the highest reference voltage selection 
signal P^ of the reference voltage selection signals 
p o», P 1 — P n -2> and P'n-1 from the controlling part 6, an 
OR gate IC 1 for subjecting the highest reference voltage 
selection signal P n _-| from the controlling part 6, a signal 
s out * rom the sensing part 4 and a reset signal RESET 
to a logical sum operation, and a transistor Q 1 for 
switching the reference voltages applied to an output 
terminal thereof from the plurality of transistors M 1f M 2 , 
— . M n _-, in response to a signal from the OR gate IC 1 . 
The switching part 2 may include a plurality of pass tran- 
sistors PTR-j as shown in Fig. 5 in place of the plurality 
of transistors M 2 , — , shown in Fig. 4, each of 
which produces the reference signal at "high". 

Referring to Fig 6, the clock signal controlling part 
5 includes an NOR gate IC 2 for subjecting the highest 
reference voltage selection signal P n _-, from the control- 
ling part 6 and the signal Squt from the sensing part 4 
to a logical sum operation and inverting a resultant of 
the logical sum operation, and an AND gate IG3 for sub- 
jecting a start signal START, external main clock signal 
CLOCK and a signal from the NOR gate IC 2 to a logical 
production operation in applying the clock signal to the 
controlling part 6. 

Referring to Fig. 7, the latching part 7 includes a 
plurality of flipf lops. That is, the latching part 7 includes 
a delay D-i for delaying the highest reference voltage 
selection signal P^ for a predetermined time period, an 
OR gate IC 4 for subjecting a signal from the delay D-j 
and the signal S OUT from the sensing part 4 to a logical 
sum operation, and the plurality of flipf lops F/F 0 , F/F 1f - 
-, F/F^ for latching the data from the n-bit counter 9 in 
the controlling part 6 using a signal from the OR gate 
IC 4 as a clock signal. 

Fig. 8 illustrates a block diagram of a device for 
sensing a data in a multibit memory cell in accordance 
with a second embodiment of the present invention. 

Referring to Fig. 8, the device for sensing a data in 
a multibit memory cell in accordance with a second 
embodiment of the present invention has a decoder 8a 
for decoding the plurality of reference signal selection 
signals in place of the ring counter 8 in the controlling 
part 6 of the device for sensing a data in a multibit mem- 
ory cell in accordance with the f irst embodiment of the 
present invention. 

A sensing method in the device for sensing a data 
in a multibit memory cell in accordance with the present 
invention will be explained. 

Fig. 9 explains threshold levels of an n bit cell and 
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the corresponding reference voltages in accordance 
with the present invention, Fig. 10 explains reference 
voltage selection in the first embodiment of the present 
invention, and Fig. 1 1 explains reference voltage selec- 
tion in the second embodiment of the present invention. 5 

A value between adjacent threshold levels is taken 
as the reference voltage. For example, if the threshold 
levels are 2, 4, 6, 8, the reference voltages may be 3, 5, 
7. Accordingly, the reference voltage generating part 1 
generates 2 n -1 number of voltages each corresponding 10 
to an intermediate value of adjacent threshold voltage 
levels in case of an n bit memory cell. The controlling 
part 6 controls the switching part 2 to output the refer- 
ence voltages from the reference voltage generating 
part 1 in succession. In this instance, rf the threshold 15 
levels are n bits, though a 2 n -1 number of reference volt- 
ages is required, a number of the reference voltage 
selection signals from the controlling part 6 is 2 n . There- 
fore, the reference voltages are actually selected by the 
reference voltage selection signals P 0 , P 1t P 2 , — and 20 
P n _ 2 , but the highest reference voltage selection signal 
P n ^ . That is, the controlling part 6 controls the switching 
part 2 to output the reference voltages in an order of 
from a lower voltage to a higher voltage as shown in Fig. 
1 0, or from a higher voltage to a lower voltage as shown 25 
in Fig. 1 1 , by the following method. 

When the ring counter 8 or the decoder 8a in the 
controlling part 8 generates the high reference voltage 
selection signals in the order of from P 0 to P n _i , the tran- 
sistors M 1f M 2 , — . in the switching part 2 having 30 
the high signals applied thereto are turned on to output 
the reference voltages in the order of from a lower volt- 
age to a higher voltage as shown in Fig. 10. In this 
instance, of the reference voltage selection signals from 
the controlling part 6, the highest reference voltage 35 
selection signal P n _-| is applied, not to any of the transis- 
tors in the switching part 2, but to the OR gate IC 1 in the 
switching part 2, clock signal controlling part 5 and the 
latching part 7. Therefore, in case the reference volt- 
ages are produced in the order of from lower reference 40 
voltage to higher reference voltage as shown in Fig. 10, 
the highest reference voltage is produced by the refer- 
ence voltage selection signal P n _ 2 . Oppositely, when the 
ring counter 8 or the decoder 8a in the controlling part 8 
generates the high reference voltage selection signals 45 
in the order of from P n . 2 to P 0 , and the P^ finally, the 
transistors M-|, M 2 , — , M r>1 in the switching part 2 hav- 
ing the high signals applied thereto are turned on to out- 
put the reference voltages in the order of from a higher 
voltage to a lower voltage as shown in Fig. 11. For so 
reduction of power consumption, it is preferable to pro- 
duce the reference voltages in the order of from lower 
reference voltage to higher reference voltage as shown 
in Fig. 10, because, at reading data, the data may be 
sensed, not always by selecting up to the last reference ss 
voltage, but by selecting an intermediate reference volt- 
age. 

When the reference voltages are thus applied from 



the switching part 2 to the control gate on the memory 
cell 3 in succession, the sensing part makes turning 
on/off operations. In this instance, a channel is formed 
between a source region and a drain region in the mem- 
ory cell 3 in case a reference voltage over a threshold 
level is applied to the control gate, and no channel is 
formed between the source region and the drain region 
in the memory cell 3 in case a reference voltage below 
a threshold level is applied to the control gate. Accord- 
ingly, the sensing part 4 also produces a high signal 
when a reference voltage over a threshold level is 
applied to the control gate, and a low signal when a ref- 
erence voltage below a threshold level is applied to the 
control gate. For explaining it in detail, it is assumed that 
the controlling part 6 applies the reference voltages to 
the control gate on the memory cell 3 in the order of 
from lower reference voltage to higher reference voltage 
as shown in Fig. 10, the memory cell has been pro- 
grammed in one of the two bit threshold levels V TH 0 , 
v th. 1. v th, 2 anci v th, 3. and there are three of the ref- 
erence voltages V REF 0 , V REF 1 and V REF 2 each of 
which value falls on between adjacent two of the thresh- 
old levels. Upon the reference voltage V REF>0 a is 
applied to the control gate on the memory cell 3 by the 
switching part 2, the sensing part 4 produces a high sig- 
nal only when the memory cell has been programmed in 
the threshold level V-th ,0 because the channel will be 
formed between the source region and the drain region 
of the memory cell, and the sensing part 4 produces a 
low signal when the memory cell has been programmed 
in one of the rest of the threshold levels Vjh 1f V TH 2 
and V-th 3 . Alikely, upon the reference voltage V REF> 2 is 
applied to the control gate on the memory cell 3 by the 
switching part 2, the sensing part 4 produces a low sig- 
nal only when the memory cell has been-programmed 
in the threshold level V m 3 because the channel will not 
be formed between the source region and the drain 
region of the memory cell, and the sensing part 4 pro- 
duces a high signal when the memory cell has been 
programmed in one of the rest of the threshold levels 
V-th p, Vjh -i and Vth, 2- By determining an output of the 
sensing part 4 whenever one of the reference voltages 
is applied to the control gate on the memory ceil while 
elevating the reference voltage from the lowest voltage 
to the highest voltage in succession according to the 
aforementioned principle, and by counting a time point 
when the output of the sensing part 4 is changed to 
"high", the device of the present invention senses a data 
in the multibit memory cell. 

A sensing method of the device for sensing a data 
in a multibit memory cell in accordance with the first 
embodiment of the present invention will be explained 
with reference to Figs. 12 and 13. Fig. 12 explains tim- 
ings of different parts when the memory cell of the 
present invention is programmed in a threshold level 
V-TH2. and Fig. 13 explains timings of different parts 
when the highest level data is read according to the 
present invention. 
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Upon reception of an external main clock signal 
CLOCK, then, a reset signal RESET and a start signal 
START, the clock signal controlling part 5 produces a 
clock signal to the controlling part 6. The controlling part 
6 then counts the clock to generates a reference voltage 
selection signal and a 2 bit data signal. That is, the ring 
counter 8 in the controlling part 6 causes the lowest ref- 
erence voltage V REF> 0 a to be produced and applied to 
the memory cell 3 through the switching part 2, and the 
n bit counter 9 in the controlling part 6 produces a data 
00. Upon reception of the reference voltage V REFf o a 
thus, since the memory cell 3 is programmed in the 
threshold level 2 , * he sensing part 4 produces a 
low signal. As all of the signal Squt from ^ e sensing 
part 4 and the reference voltage selection signal P n _v 
from the controlling part 6 are at "low", the NOR gate 
IC 2 in the clock signal controlling part 6 produces a high 
signal, so that the AND gate IC 3 in the clock signal con- 
trolling part 5 continues to apply the external main clock 
signal CLOCK to the controlling part 6. The controlling 
part 6, counting the clock signal applied thereto contin- 
uously according to the aforementioned process, pro- 
ceeds the next operation. That is, the controlling part 6 
controls the ring counter 8 to produce the reference volt- 
age selection signal P 1 at a second rising edge of the 
clock signal for producing the next reference voltage 
v ref, 1» the reference voltage V REF1 produced in the 
reference voltage generating part 1 to be applied to the 
memory cell 3, and the n bit counter 9 to produce the 
data 01. Even if the reference voltage V REF -j is 
received, the sensing part 4 produces a low signal 
because the memory cell 3 has been programmed in 
the threshold level V THi 2 . As all of the signal Squt from 
the sensing part 4 and the reference voltage selection 
signal P^t from the controlling part 6 are at "low", the 
NOR gate IC 2 in the clock signal controlling part 6 pro- 
duces a high signal, so that the AND gate IC 3 in the 
clock signal controlling part 5 continues to apply the 
external main clock signal CLOCK to the controlling part 
6. Then, the controlling part 6 controls the ring counter 
8 and the n bit counter 9 to cause the reference voltage 
V REF 2 generated in the reference signal generating 
part 1 to be applied to the memory cell 3 through the 
switching part 2 and to produce the data 10 respectively 
at a third rising edge of the clock signal. Upon reception 
of the reference voltage V REF 2 , the sensing part 4 pro- 
duces a high signal because the memory cell 3 has 
been programmed in the threshold level V TH 2 . As the 
signal S OUT from the sensing part 4 is the high signal, 
the NOR gate IC 2 in the clock signal controlling part 5 
produces a low signal regardless of the reference volt- 
age selection signal P^ from the controlling part 6. 
Therefore, the AND gate IC 3 in the clock signal control- 
ling part 5 applies no external main dock signal CLOCK 
to the controlling part 6. If no clock signal is applied to 
the controlling part 6, ail the parts of the sensing device 
are initialized, and the latching part 7 presents the data 
10 finally produced in the n bit counter 9 of the control- 



ling part 6 as a sensed data. 

According to the aforementioned method, a 2 n -1 
number of level values are sensed except the highest 
level value in the multilevel programmed memory cell, 

5 and the remained one highest level value is sensed by a 
method as shown in Fig. 13. 

That is, if the memory ceil has been programmed in 
the highest threshold level V- n _ !j 3 , even if the controlling 
part 6 produces a reference voltage selection signal to 

10 apply the highest reference voltage V REF 2 to the mem- 
ory cell 3, the sensing part 4 produces a low signal. 
When the sensing part 4 thus produces the low signal, 
the clock signal controlling part 5 also continues to 
apply the external clock signal to the controlling part 6. 

is Then, the ring counter 8 and the n bit counter 9 in the 
controlling part 6 respectively count the clock signal to 
produce the highest reference voltage selection signal 
Pn-i at "high" and to apply the data 11 to the latching 
part 7 at a fourth rising edge of the clock signal, respec- 

20 tively. The NOR gate IC 2 in the clock signal controlling 
part 5 then produces a low signal to stop application of 
the external clock signal to the controlling part 6 even if 
the low signal is under production in the sensing part 4. 
According to the aforementioned method, the latching 

25 part 7 can present a final data 1 1 . 

On the other hand, the sensing method of the 
device for sensing a data in a multibit memory cell in 
accordance with the second embodiment of the present 
invention is identical to the sensing method of the 

30 device for sensing a data in a multibit memory cell in 
accordance with the first embodiment of the present 
invention, except the operation of the controlling part 6. 
That is, the decoder 8a in the second embodiment is 
applied of, not the clock signal from the clock signal con- 

35 trolling part 5, but the a data signal from the n bit coun- 
ter 9, in decoding the reference voltage selection signal. 

As has been explained, the data sensing device 
and method for a multibit memory cell of the present 
invention has the following advantages. 

40 First, since data can be sensed by successive 
application of reference voltages to a control gate on a 
multilevel programmed memory cell, which facilitates 
the sensing amplifier to be merely required to determine 
generation of a voltage in the multibit memory cell, a 

45 size of the sensing amplifier can be minimized. 

Second, the requirement for application of only one 
reference voltage of a certain value to the sensing 
amplifier helps to reduce a power consumption 

It will be apparent to those skilled in the art that var- 

so ious modifications and variations can be made in the 
data sensing device and method for a multibit memory 
cell of the present invention without departing from the 
spirit or scope oftfie ihvkntitfh. Thus, it is intended that 
the present invention cover the modifications and varia- 

55 tions of this invention provided they come within the 
scope of the appended claims and their equivalents. 
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Claims 

1 . A device for sensing a data in a multibit memory cell 
comprising: 

a reference voltage generating pan for generat- 
ing a plurality of reference voltages; 

a switching part for successive application of 
the plurality of reference voltages from the ref- 
erence voltage generating part to a control gate 
on a memory cell; 

a sensing part for comparing a data recorded in 
the memory cell to the reference value every 
time each of the reference voltages is applied 
thereto; 

a clock signal controlling part for subjecting a 
signal from the sensing part and a highest ref- 
erence voltage selecting signal to logical oper- 
ation in controlling an external main clock 
signal; 

a controlling part for controlling the switching 
part to generate the reference voltages in suc- 
cession, and controlling a highest reference 
voltage to be applied to the clock signal control- 
ling part so that the data is produced in 
response to a clock signal from the clock signal 
controlling part; and, 

a latching part for latching the data from the 
controlling part 

2. A device as claimed in claim 1 , wherein the control- 
ling part includes, 

a ring counter for counting the clock signal from 
the clock signal controlling part in controlling 
production of the reference voltage selection 
signal in the switching part, and 

an n-bit counter for counting the clock signal 
from the clock signal controlling part in produc- 
tion of a relevant data. 

3- A device as claimed in claim 2, wherein the control- 
ling part includes a decoder for decoding the plural- 
ity of reference voltage selection signal in place of 
the ring counter. 

4. A device as claimed in claim 1 , wherein the switch- 
ing part includes, 

a plurality of transistors for switching the plural- 
ity of reference voltages from the reference 
voltage generating part in succession in 



10 



15 



20 



25 



30 



35 



response to the reference voltage selection sig- 
nals respectively except the highest reference 
voltage selection signal of the reference volt- 
age selection signals from the controlling part, 
an OR gate for subjecting the highest reference 
voltage selection signal from the controlling 
part, a signal from the sensing part and a reset 
signal to logical sum operation, and 
a transistor for switching the reference voltages 
applied from the plurality of transistors to an 
output terminal thereof in response to a signal 
from the OR gate. 

A device as claimed in claim 4, wherein the switch- 
ing part may include a plurality of pass transistors in 
place of the plurality of transistors. 

A device as claimed in claim 1 , wherein the clock 
signal controlling part includes, 

an NOR gate for subjecting the highest refer- 
ence voltage selection signal from the control- 
ling part and the signal from the sensing part to 
logical sum operation and inverting a resultant 
of the logical sum operation, and 

an AND gate for subjecting a start signal, an 
external main clock signal and a signal from the 
NOR gate to logical production operation in 
applying the clock signal to the controlling part. 

A device as claimed in claim 1 , wherein the latching 
part includes, 

a delay for delaying the highest reference volt- 
age selection signal for a predetermined time 
period, 



an OR gate for subjecting a signal from the 
40 delay and the signal from the sensing part to 

logical sum operation, and 

a plurality of f lipflops for latching the data from 
the n-bit counter in the controlling part using a 
45 signal from the OR gate as a clock signal. 

8. A method for sensing a data in a multibit memory 
cell comprising the steps of: 

so (1) receiving an external main clock signal; 

(2) successive latching of data in response to 
the main clock signal; 

55 (3) successive application of a plurality of refer- 

ence voltages to a control gate on a memory 
cell; 



7 



BNSDOCID: <EP 0851429A2J_> 



13 



EP0 851 429 A2 



(4) sensing the memory cell whenever each of 
the reference voltages is applied to the mem- 
ory cell; 

(5) detecting a time when an output of the 5 
sensing part is changed for blocking the main 
clock signal; and, 

(6) presenting a data latched by a most recent 
clock signal as a programmed data in the mem- 10 
orycell. 

9. A method as claimed in claim 8, wherein a number 
of the reference voltages produced is 2n-1 when 
the memory cell has been programmed in n bits, is 
and the reference voltages are produced in an 
order of from a lower voltage to a higher voltage 
and data are latched in an order of from a higher 
data to a lower data. 

20 

10. A method as claimed in claim 8, further comprising 
the step of presenting a highest data as the pro- 
grammed data in the memory cell if no output 
change time is detected in the (5) step even if the 
highest reference voltage is applied to the memory 25 
cell. 
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(54) Data sensing device and method for multibit memory cell 

(57) Data sensing device and method for a multibit 
memory cell is disclosed, the device including a refer- 
ence voltage generating part (1) for generating a plural- 
ity of reference voltages, a switching part (2) for 
successive application of the plurality of reference volt- 
ages from the reference voltage generating part (1 ) to a 
control gate on a memory cell (3), a sensing part (4) for 
comparing a data recorded in the memory cell (3) to the 
reference value every time each of the reference volt- 
ages is applied thereto, a clock signal controlling part 
(5) for subjecting a signal from the sensing part (4) and 
a highest reference voltage selecting signal to logical 
operation in controlling an external main clock signal, a 
controlling part (6) for controlling the switching part (2) 
to generate the reference voltages in succession, and 
controlling a highest reference voltage to be applied to 
the clock signal controlling part (5) so that the data is 
produced in response to a clock signal from the dock 
signal controlling part (5), and a latching part (7) for 
latching the data from the controlling part (6). 
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